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© Shielding materials used in electromagnetic 
digitizers which are packaged in a notebook com- 
puter environment. Shielding materials with suffi- 
ciently high magnetic permeability to increase the 
magnetic signal detected by the digitizer sensor grid 
(22) can be used in such an environment, and can 
be placed in direct contact with the sensor grid. 
Aluminum or copper shields (26 or 24) can also be 
placed in direct contact with the sensor grid to 
provide the requisite shielding. A combination of 
conductive and fenite material can also be used as 
the conductive base material (29) provides for 
shielding and a layer of ferrite material (28) in- 
creases the magnetic signal and prevents signal 
attenuation by the conductor. 
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The present invention relates generally to elec- 
tromagnetic digitizers. More particularly, the 
present invention relates to shielding materials 
used in electromagnetic digitizers which are pack- 
aged in a notebook computer environment. 

The present invention relates to shielding ma- 
terials used in electromagnetic digitizers. Digitizers 
of tins type use a sensor grid to electromagneti- 
cally determine the coordinates of a point des- 
ignated with a stylus or pen. Shielding from the 
magnetic distortions and disturbances emanating 
from the external environment is desirable in such 
a device. Conductive material normally acts as a 
shield, but results in attenuation or loss of signal 
The s.gnai attenuation can be counteracted by use 
of a spacer or gap between the sensor grid and 
conductive shield plate, or by use of a conductive 
matenal which is also highly magnetic. The mag- 
neto characteristic of the material serves to en- 
hance the signal. 

Conventional digitizers have used materials 
such as iron, steel, or aluminum as the shield, and 
tocated the planar shield several millimeters below 
the sensor grid to isolate the sensor from the 
external environment. One product uses a silicon 
steel which causes much less attenuation of the 
signal than the above-mentioned materials. Some 
have no shield, and are susceptible to changes in 
accuracy and noise when placed on different sur- 



When a digitizer is packaged over (or might be 
placed over) other system components (e.g., oper- 
a bonal circuitry, including transformers and ground 
p anes, and metallic structural elements) which in- 
c ude areas of high conductivity or ferrous materi- 
als, it is necessary to place a shield material be- 
tween these system components and the sensor 
grid to prevent distortions to the detected magnetic 
pen signal. However, in conventional digitizers 
placing a shield of conductive material too close to 
the sensor grid would result in attenuation of the 
magnetic field from the pen because of eddy cur- 
rents induced in the conductive sheet. The eddy 
currents produce magnetic fields which partially 
cancel the fields from the pen. The signal cancella- 
tion increases as the conductive shield is brought 
closer to Die sensor grid, and the signal is almost 
completely eliminated if the sensor grid loops are 
Placed directly on top of the shield plate. This 
requires a gap or spacer between the sensor grid 
and shield plate. The variation of the attenuation 
with distance between the sensor grid and the 
shield plate places a constraint on the tolerance of 
the spacing, which can lead to increased manufac- 
tunng costs, depending on the method chosen to 
maintain the spacing. If this tolerance becomes too 
large, inaccuracies in the digitizer tablet data will 
result. 



When a conductive shield such as aluminum is 
placed 0.5 mm behind the sensor grid in a conven- 
tional digitizer-configuration (with 1 cm wide grid 
loops, and the pen coil located 2.0 cm above the 
s grid), the signal voltage is reduced to about 10% of 
the signal without any shield. The signal power is 
thus reduced 100-fold (20 dB). The attenuation 
problem resulting from placing the shield in dose 
proximity or in contact with the sensor grid can be 
'o reduced, however, through choice of the material 
used for the shield. In U.S. Patent No. 4.956 526 
the material chosen was a silicon steel composed 
of 4.0 to 7.0 weight percent of silicon. When a 
shield of this specific composition is configured in 
»s contact with the sensor grid, the voltage magnitude 
of the detection signal is maintained above the 
minimum required to operate the digitizer. Although 
the sensor grid and the silicon steel shield can be 
in contact., there is still signal attenuation as dem- 
20 onstrated by the increase in signal voltage as the 
distance between the sensor grid and the silicon 
steel shielding plate increases. 

Placing a digitizer in a notebook computer en- 
vironment presents further problems not solved 
25 through the use of shielding materials and configu- 
rations of conventional digitizers. Packaging the 
digitizer in this manner exacerbates the space and 
weight problems for the shield materials. Without 
shielding, the magnetic field from the pen is dis- 
so torted by eddy currents and induced magnetic 
fields in metallic and ferromagnetic materials in 
circuitry and structural members. Further, the oper- 
ational circuitry may produce independent mag- 
netic fields which are picked up in the sensor grid 
35 and appear as noise to the digitizer circuitry, re- 
ducing accuracy and resolution. To address all of 
these constraints, the shield must isolate the sen- 
sor gnd from distortion and noise sources below 
the digitizer, must not itself significantly degrade 
«o the digitizer performance, and must be lightweight 
and compact, ft is additionally advantageous if the 
shield material can be formed to fit around ob- 
stacles m the periphery of the digitizer, to isolate 
the gnd from irregularly shaped interference sour- 
« ces outside the active area. 

Within this framework, it becomes apparent 
that the use of aluminum or copper with a spacer 
takes up too much space for the packaging envi- 
ronment envisioned for the present invention. The 
so use of silicon steel as a shield in contact with the 
sensor grid does not completely solve the pack- 
aging problems as a fairly thick shield is required 
which takes up space and adds weight, and the 
silicon steel does have an attenuating effect Fur- 
ss ther. silicon steel is rather brittle and win not con- 
form as easily to different shapes. 

The present invention is directed to shielding 
materials used in electromagnetic digitizers which 
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are packaged in a notebook computer environment. 

The first aspect of the invention is directed to 
shielding materials with sufficiently high magnetic 
permeability to increase the magnetic signal de- 
tected by the digitizer sensor grid. The shielding 
material can be conductive, in which case the 
product of the magnetic permeability and skin 
depth of the conductive shield must be greater 
than the width of the loops in the sensor grid. If the 
shielding material is non-conductive, then the prod- 
uct of the magnetic permeability and the thickness 
of the non-conducting shield must be greater than 
the width. of the loops in the sensor grid. A shield 
made of such a material can be configured in 
direct contact with the sensor grid. Ferrites and 
Mumetal are two materials with sufficiently high 
magnetic permeability to increase the magnetic, 
signal. 

In one variation, a combination of conductive 
and ferrite materials may be used for the shield. 
The first layer beneath the grid is composed of 
ferrite material which terminates, but does not at- 
tenuate, the magnetic signal. Below this is placed a 
conductive layer which cancels AC magnetic fields 
from below the sensor grid, to prevent possible 
saturation of the ferrite material by those fields. 
With the proper selection and thicknesses of the 
conductive and ferrite materials, the shield plate 
would prevent penetration of the magnetic fields 
without causing attenuation. In fact, the signal volt- 
age can be doubled by an appropriate layer of 
ferrite in contact with the sensor grid. 

Some materials alone can both increase the 
magnetic signal and prevent penetration of the 
shield by the magnetic fields emanating from the 
operational circuitry and metallic structural ele- 
ments. Mumetal is one such material and is char- 
acterized by increasing the magnetic detection sig- 
nal, and by preventing penetration of the shield by 
the magnetic fields emanating from the operational 
circuitry and metallic structural elements. 

In a third aspect of the invention, a conductor, 
such as aluminum or copper, is placed in close 
proximity to the sensor grid to provide shielding 
primarily from disturbances emanating from the 
operational circuitry and metallic structural ele- 
ments of the digitizer. The aluminum or copper 
shields can be placed as close as 0.5mm from the 
sensor grid and still allow sufficient signal strength, 
while providing the desired shielding. 

The foregoing and other objects, features, and 
advantages of the present invention will be appar- 
ent from the following more particular description of 
preferred embodiments of the invention, as illus- 
trated in the accompanying drawings. 

The invention will be better understood if refer- 
ence is made to the accompanying drawings in 
which: 
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FIGURE 1 is a cross-sectional view, not to scale, 
of an electromagnetic digitizer showing the gen- 
eral relation of the sensor grid, the shield plate, 
and the internal and external sources of interfer- 

5 ing magnetic fields; 

FIGURE 2 is a simplified cross-sectional view, 
not to scale, of an electromagnetic digitizer 
which shows the use of a wide space between 
the sensor grid and the shield plate; 

io FIGURE 3 is a simplified cross-sectional view, 
not to scale, of an electromagnetic digitizer with 
a high magnetic permeability shield; 
FIGURE 4 is a simplified cross-sectional view, 
not to scale, of an electromagnetic digitizer with 

75 a shield plate comprised of ferrite and conduc- 
tive material; 

FIGURE 5 is a simplified cross-sectional view, 
not to scale, of an electromagnetic digitizer with 
a conductive shield closely spaced with the sen- 
se sor grid substrate; and 

FIGURE 6 is a simplified perspective view, not 
to scale, of the components of a sensor grid in 
contact with a conductive shield plate. 
FIGURE 1 is a cross-sectional view of an elec- 

25 tromagnetic digitizer assembly as might be config- 
ured in a notebook computer environment, and 
includes a liquid crystal (LCD) or other display 12 
and backlight 13 for display of the data. The pen or 
stylus 16, which includes a magnetic coil 17, is 

30 used to designate or input the desired point on the 
writing surface 10 through detection of an elec- 
tromagnetic signal by the sensor grid 22. The 
operational circuitry shown generally at 14 cal- 
culates the coordinate value for the designated 

35 point. The electrostatic shield 15 isolates the sen- 
sor grid 22 from electrostatic noise generated by 
the LCD 12 or backlight 13. All components dis- 
posed between the sensor grid 22 and the writing 
surface 10, including the display 12, backlight 13, 

40 and electrostatic shield 15, are shown collectively 
at 19. The shield plate 24 provides shielding from 
the internal sources of distortion or interfering mag- 
netic fields, and, in the case of purely conducting 
shields, provides some reduction of noise from 

45 external sources. The internal sources of interfer- 
ence include the operational circuitry 14 and con- 
ductive or ferromagnetic material 18, such as trans- 
formers, ground planes, and metallic structural ele- 
ments. The external sources of interference are 

so represented in FIGURE 1 by the source 20. One 
example of an electromagnetic digitizer in which 
the shielding materials of the present invention can 
be used is described in U.S. Patent Application 
Serial No. 07/696,434, filed May 6, 1991, which is 

55 herein incorporated by reference. The cited ap- 
plication incorporated by reference and the present 
application have a common assignee. 
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FIGURE 2 is a cross-sectional view of an elec- 
tromagnetic digitizer with a conventional desktop 
digitizer structure. The digitizer is enclosed in a 
ewe 11 and includes operational circu.try 14 and 
conductive or ferromagnetic materials 18 (e.g.. me- 
tallic structural elements). The shield plate 24 .s 
shown disposed below the sensor gnd 22 wrth a 
wide gap or space between these two components, 
in most conventional desktop digitizers there is 
also a space between the sensor gnd 22 and the 
writing surface 10. as shown in FIGURE 2. 

FIGURE 3 is a cross-sectional view of an elec- 
tromagnetic digitizer as might be configured for 
packaging in a notebook computer environment. A 
digitizer in this configuration includes a case 11. 
operational circuitry 14. and conductive or ferro- 
magnetic materials 18 as does the conventional 
desktop configuration. However, this configuration 
includes components, shown collectively at 19 dis- 
posed between the writing surface 10 and the 
sensor grid 22. The components shown collectively 
at 19 include the display 12. backlight 13. and 
electrostatic shield 15. as shown in FIGURE 1. The 
shield plate 26 as shown in the configuration of 
FIGURE 3 is comprised of a highly magnetic ma- 
terial, that is. a. material with a high magnetic 

permeability. •„ cm-imp a 

The shielding configuration shown in FIGURE 4 
might also be used when packaging the digitizer in 
a notebook computer environment. A shield plate 
24. shown disposed below the sensor grid 22. is 
comprised of conductive material 29 with a layer of 
magnetic material 28 disposed on the upper sur- 
face of the conductor 29. 

FIGURE 5 illustrates another alternative shield- 
ing configuration. The components of the sensor 
gnd 22 are shown to illustrate the configuration of 
the wire loops 23 and the sensor grid substrate 21. 
The configuration of the wire loops within the sen- 
sor grid is shown in more detail In FIGURE 6. The 
conductive shield 30 is shown in contact wrth the 
sensor grid substrate 21. The conductive sh.eld 
provides shielding from magnetic disturbances 
emanating primarily from the system components 
within the electromagnetic digitizer but also rom 
the external environment 20. When the shield lis 
placed between the operational circuitry and the 
sensor grid, it will provide the greatest degree of 
shielding from the magnetic fields emanating from 
the operational circuitry 14 and the conductive and 
magnetic material 18. but will also result indirectly 
in attenuation of magnetic fields emanating from 
the other side of the sensor grid (i.e.. where the 

pen is held). 

FIGURE 6 is a perspective view showing the 
components of the sensor grid in contact with the 
conductive shield plate 30. As shown in FIGURE 5 
the sensor grid 22 comprises wire loops 23 and 



sensor grid substrate 21. As shown in FIGURE 6. 
the wire loops 23 are comprised of pairs of wires 
27 The wire loops form the closed path around 
which the signal voltage is produced by the mag- 
s netic induction from the pen co.l 17. The loops 
may be comprised of any conducting matenal and 
may be either permanent or temporary. Permanent 
loops are formed by physically continuous connec- 
tions of the wire pairs 27. Temporary loops are 
,o formed by selecting various wires 27 to form a pa.r 
through use of electronic switches. The width of the 
permanent loops would therefore be fixed, while 
the width of the temporary loops might vary de- 
pending upon which two wires were selected to 
,s form the loop. For darity. only one setoff 
shown in FIGURE 6. Another set of loops per- 
pendicular to the set shown in FIGURE 6. would be 
required to determine the other coordinate of the 

designated point. 

2o A shield comprised of a highly magnetic ma- 
terial, as illustrated in FIGURE 3. performs not only 
the shielding function but also avoids the loss of 
signal encountered when using a simple conducive 
materia, as a shield. A material with sufficiently 
n high magnetic permeability can actually double the 
magnetic signal in the sensor grid. When there ,s a 
change in the magnetic lines of force (i.e.. a 
change in Ihe magnetic flux), an electromotive 
force is produced in the conductor through the 
30 principle of electromagnetic induction. The current 
Ttti pen coil 17 is pulsed or sinusoidally varying 
in time, in order to induce signal voltage in the 
loops of the sensor grid; it also induces current in 
any conducting shield plate. Magnetic permeability 
35 is a factor, characteristic of a matenal, that is 
proportional to the magnetic induction, (magnetic 
L density) poxJuced in a material divided by Jhe 
. magnetic field strength (vector quantity charactenz- 
ing the magnetic field). This relative permeabH-ty 
<o varies with the magnetic field strength. and asso- 
ciated flux density. 

How good the material is at mcreasing the 
signal strength of the magnetic field may be seen 
by comparing the product of skin depth and mag- 
« netic permeability with the width of the toops in the 
senso^. Skin depth is the depth beneath the 
surface of a conductor, which is carrying current at 
a given frequency due to electromagnetic waves 
incident on its surface, at which the current densrty 
so drops by a factor of e (2.718) below the current 
density at the surface. To enhance the signal 
strength of the magnetic field, the Product °r the 
permeability and the skin depth o« the conducting 
material should be greater than the ,«d» .of to 
55 loops in the sensor grid. If the magnetic matenal is 
not inducting, then the product of the permeabrt- 
ity and thickness of the magnetic layer should be 
greater than the width of the loops in the sensor 
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grid. 

One such material of high magnetic permeabil- 
ity which increases the signal strength of the mag- 
netic field is Mumetal. Mumetal is a nickel alloy 
comprising approximately 5% copper, 2% chro- 
mium, 77% nickel, and 16% iron. Mumetal has an 
initial permeability of 20,000 and a maximum per- 
meability of 100.000. Mumetal is light weight, and 
sufficiently soft (malleable) to allow shaping or fas- 
tening at the edges, as may be required by the 
packaging environment. In addition to increasing 
the signal strength, it also prevents penetration of 
the magnetic field. 

Iron-oxide/metal-oxide ceramics (ferrites) also 
have high magnetic permeability and could be ef- 
fectively used as a shield material to increase the 
signal strength. 

tn another embodiment, a combination of con- 
ductive and ferrite materials may be used for the 
shield. This is illustrated in FIGURE 4 which shows 
a shield plate 24 comprised of magnetic material 
28, such as ferrites, with a layer of conductive 
material 29, such as copper, disposed on the lower 
surface of the magnetic material, in contact with 
the sensor grid 22. The first layer beneath the 
sensor grid is composed of ferrite material which 
terminates, but does not attenuate, the magnetic 
signal. Below this is placed a conductive layer 
which cancels AC magnetic fields from below the 
sensor grid, to prevent possible saturation of the 
ferrite material by those fields. For example, a 
layer of ferrite material of appropriate thickness and 
composition to cancel the attenuation effect could 
be disposed on top of a copper sheet (1 mil 
thickness for 500 KHz field) which effectively 
shields alternating current (AC) magnetic fields. 
This is helpful in reducing magnetic noise from 
sources below the sensor grid which might other- 
wise saturate the highly magnetic layer. 

It should also be noted that shields made from 
Mumetal or a conductive material with a layer of 
ferrite material have the added advantage of relax- 
ing the tolerance requirements for any separation 
between the shield plate 24 and the sensor grid 22, 
as compared with purely conductive or silicon steel 
shields. 

A material such as Mumetal which will increase 
the signal strength of the magnetic field is relatively 
expensive for use in this application. An inexpen- 
sive alternative is to place a sheet of conductive 
material such as aluminum or copper below and in 
close proximity to the sensor grid to act as a 
shield. The shield's conductivity and thickness 
must be sufficient so that the eddy currents in- 
duced in the conductor effectively terminate the 
perpendicular component of the pen's magnetic 
field, preventing it from penetrating significantly 
below the shield. This is achieved if the skin-depth 



(s) and thickness (t) of the shield satisfy the rela- 
tionship; 

t» (s 2 ^ 

5 

where h is the height of the pen coil above the 
sensor grid. For example, copper has a skin depth 
of about 0.08 mm at 500 KHz, so, with the pen coil 
2 cm above the sensor grid, a copper shield would 

io have to be much greater than (.08 
mm\08mm/20mm), which is 0.32 microns. Thus a 
sheet of copper of at least five to ten microns 
thickness would be desirable. A simple experiment 
with a 2 micron copper sheet shows about 10:1 

rs attenuation of the signal below the sheet from a 
pen coil 2 cm above the sheet, verifying the cal- 
culated requirement, and suggesting that 10 
microns would probably be required for thorough 
(99% effective) shielding. 

20 In such a configuration with use of a conduc- 
tive shield, "close proximity" should be construed 
as approximately one millimeter or less spacing 
between the shield and the plane of the sensor grid 
loops. At a separation of 0.5 mm, with the pen coil 

26 1.5 cm above the sensor grid, and using 1 cm wide 
sensor grid loops, the induced signal voltage in the 
sensor grid loops is attenuated to approximately 
one tenth (10%) of the signal voltage without a 
shield. Thus, in order to maintain operability of the 

30 digitizer with such a shield, the detection electron- 
ics need to be improved to provide an extra 20 dB 
of gain, or, alternatively, the inducing current in the 
pen coil 17 may be increased 10-fold, if sufficient 
power is available. By placing the conductive shield 

35 plate 30 in contact with the sensor grid substrate 
21 as shown in FIGURE 5, the need for the space 
between the sensor grid 22 and shield plate 24 as 
shown in FIGURE 2 is eliminated. This saves 
space and weight which are of particular impor- 

40 tance in this packaging environment. 

The use of copper in close proximity to the 
sensor grid has the added benefit of stronger at- 
tenuation of alternating fields above the grid for 
distant radiation sources 20 (such as CRT's, tights, 

as or transformers) than for near sources (such as the 
digitizer pen or stylus 16). This can often result in 
increased signal to noise ratio in the detected sig- 
nal. 

While various embodiments of the present irt- 
50 vention have been described above, it should be 
understood that they have been presented by way 
of example, and not limitation. Thus the breadth 
and scope of the present invention should not be 
limited by any of the above-described exemplary 
55 embodiments, but should be defined only in accor- 
dance with the following claims and their equiv- 
alents. It will be understood by those skilled in the 
art that various changes in form and detail may be 
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made therein without departing from the spirit and 
scope of the invention. 

Claims 

1 An electromagnetic digitizer, comprising: 
"sensor grid, and a shield plate disposed 
. . under said sensor grid, . . . 

wherein said shield plate comprises a material 
witt, sufficiently high magnetic permeability to 
increase the magnetic signal in said sensor 
grid. 

2. An electromagnetic digitizer according to claim 

1, wherein . 
said sensor grid comprises a multiplicity of 
wires such that said wires form loops, and 
wherein said shield plate comprises a conduc- 
tive material and the product of the magnetic 
permeability and skin depth of said conducive 
material is greater than the width of said, loops 
in said sensor grid. 

3. An electromagnetic digitizer according to claim 

1, wherein ,. .. . 

said sensor grid comprises a muHiplicrty of 
wires such that said wires form loops, and 
wherein said shield plate comprises a non- 
conductive material and the product of the 
magnetic permeability and the thickness of 
said non-conductive material is greater than 
the width of said loops in said sensor gnd. 

4. An electromagnetic digitizer according to claim 
1, wherein ^ 
said sensor grid includes a sensor gnd sub- 
strate; and said shield plate is in direct contact 
with said sensor grid substrate. 

5. An electromagnetic digitizer, comprising: 

a sensor grid comprising a multiplicity of wires 
a pen comprising a pen coil, and a shield plate 
disposed under said sensor grid, wherein 
said shield plate comprises conductive ma- 
terial such that said conductive material is o 
sufficient thickness and conductivity to prevent 
penetration of the magnetic field of said pen 
coil, said shield plate being in close proximity 
to said wires of said sensor grid. 

6. An electromagnetic digitizer according to claim 

^separation between said shield plate and 
said wires of said sensor grid is one millimeter 
or less. 

7. An electromagnetic digitizer according to claim 
5. wherein 



said sensor grid further comprises a sensor 
grid substrate and the separation between said 

shield plate and said wires of said sensor gnd 
is provided by said sensor gnd substrate. 

8. An electromagnetic digitizer, comprising: 
a shield plate disposed under a sensor grid, 
wherein said shield plate comprises a base 
material of conductive material with a layer of 
magnetic material disposed on one side of 
said base material. 

9 An electromagnetic digitizer according to claim 
Tor 4 or 8 wherein said shield plate com- 
prises ferrites. 

10. An electromagnetic digitizer according to claim 
5 or 7 or 8. wherein 
said shield plate comprises copper. 

11 An electromagnetic digitizer according to claim 
Tor 8. wherein said shield plate comprises 
aluminum. 

« 12. An electtomagnetic digitizer, comprising: 
" / Tshield plate disposed under a sensor grid 
wherein said shield plate comprises a matenal 
that increases the magnetic signal in said sen- 
sor grid and which prevents penetration of 
magnetic fields. 
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13. An electromagnetic digitizer according to claim 
1 2 wharein 

said shield material comprises a Nickel alloy. 

14. An electromagnetic digitizer according to claim 
1 or 4 or 12. wherein 

said shield plate comprises Mumetal. 
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